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INTRODUCTION 


1.0.1 Inis paper, in response to tne recently publisned National 


Energy Program, presents tnree alternative off-oil scenarios 
for tne Ontario space neating market. Tne tnree off-oil 
enematios: foonsist: of «a 35%? sand: 65% conveteion (rates: or 
pre-1971 built nouses to gas, electricity or electric-oil 
hybridhneating,for the, 1982-86 cand 1967<1991s periods 
respectively. the dresulte, are sconpated) int L98é6cand »b991 
against -a “business. as wsual" .or + :baserun sfor fuel~ oil 
savings. Tne results show tnat the reduction in fuel oil 
usage as a result of a government off-oil program could be 8 
Nibisen bdrrels percybar! byrtes6s and 15> million «barrels per 
voar by, 1991, Tnis translates into a cumulative fuel oil 
saving over tne decade 1982-1991 of 76 million barrels of 
oil. nese savings are over and above tnose acnieved in tne 
baserun wnicn represents tne natural evolution of tne 


nousing stock. 


Tnese results are drawn from tne "Housenold Model" developed 
by tne Structural Analysis Division, Statistics Canada nine 
"Housenold Model" is a simulation framework and related data 
base of tne Canadian hnousing stocks, residential 
construction and end use articulation of energy consumption 
in tne residential section. JIhne purpose of the model is to 
provide an analytical tool for evaluating a variety of 


residential energy conservation strategies including thermal 
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retmaritting eand:»4ne eintroduction» sof new building 
performance standards,the possibilities Teor Tusk 
substitution afforded by equipment PeLroritting, and tne 
impact of new technologies for space conditioning witn 
respect to impacts on residential energy requirements over 
time. Tne cnoice of Ontario was ATRDLUPraAr ys  s3o Mua & 
calculations can be performed for Britisn Columbia, Quebec, 
and tne Maritime and Prairie regions. Tnese scenarios are 
not to be construed as forecasts nor in fact accepted policy 
alternatives. Tney are, nowever, to demonstrate the 
capabilities of the "Household Model" in performing tite 
Structured (fwel subset TIUul ron strategies LoOmexanmrie “2iné 
impact of tne structural requirements of tne space neating 


market. 


Background 


1.1.1 Tne Housenold Model is an independently operating block or 


tne Long Term Model(LTM) currently under development by tne 
Structural Analysis Division. Altnougn tne Household Model 
parameters and reports nave been designed for independent 
operation tne calculations will eventually be incorporated 
asa block adnietne LIM. Tne Housenold Model is structural 
ratner tnan benavioural. Tnat is, tne universe of Canadian 
nouses is described in great detail using dates Strom =e 


census, tne ENERSAVE survey, and tne CMHC nousing data. 


Tnis structural picture is tnen allowed to evolve according 
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to user specified scenarios. Periodic energy aggregations 
tnen provide snapsnots of energy usage levels tnrougn a 


twenty five year time norizon. 


User Interface 


1.2.1 Ine model inputs nave been set up in tabular form witn row 
and column identification so that data entry is controlled 
and documented as it enters the input stream to tne model. 
Several ancillary computer programs nave been written to 
translate tne user's scenario into tne detailed time series 
of matrices required by tne model. Some of these programs 
play tne role of data organizer botn eliciting data trom tne 
user and setting up the structures needed by tne model. 
Otner programs extrapolate trends and create tne input time 


series wnicn can tnen be edited in detail. 


Organization of the Paper 


1.3.1 Tne block structure of tne model is described in section 2 
together witn a description of eacn block as to function and 
user input options. Section 3 outlines various ways of 
using tne model including tne tecnnique involved in 
producing tne off-oil projections. Section 4 and > deteis. a 
set of scenarios run througn tne model and explicates the 
results using grapns and tables from tne model. Following 


tne paper an appendix is included tnat details some 
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HOUSEHOLD MODEL STRUCTURE 


An overview of tne model structure is depicted in figure 


2.0. Ine model consists of six major calculation blocks: 


Dek 1971 base nousing stock; 

ae Demolition of base nousing stock; 

ae Inermal retrofit of base nousing stock; 

2.4 Heating equipment retrofit of base stock; 

Aa New nousing (Post 1971) requirements; 

aoe) Aggregate energy requirements for space and water 


neating in tne total nousing stock. 


Tne main input and output variables are listed in figure 2.0 
and the “tiwe loopeshows-tnat block 2.1 48 pertormed 
initially and remains outside tne loop, wnereas blocks 2.2 
to 2.6 are witnin tne time loop and so represent evolution 
of tne variables over tne twenty five year simulation time 


norizon. Tnese blocks are described in more detail: 


Tne sections tnat follow describe tne blocks, inputs and 


outputs snown in figure 2.0. 


1971 Base Housing Stock 


TInis block reads and interprets nistorical and parametric 


data needed to form a base for tne future scenario. 
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Inputs nere include tnose described under subsection 2.1.1 
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Teall 
1971 Base 


epee os 


INPUTS 


Seasonal neating effici- 
cies. Hourly weatner 
data 1971 Census nousing 
Inermal Arcnetypes. 


Demolition rates 


Tnermal retrofit 
parameters 


Fuel substitution 
parameters 


Vacancy rates 

Net nousenold formation 

New equipment proportion 
New tnermal arcnetypes. 


Seasonal neating 
efficiencies 
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HOUSEHOLD MODEL STRUCTURE 


OUTPUTS 


Hotisang stock’ teport. 
Base nousing energy 
demand ror space and 
neating. 


Cnanged level of 
nousing stock. 


Cnanged tnermal 
representation of 
base nousing stock 
energy report. 


Cnanged composition 
of neating equipment 
in base nousing 
stock. Cnanged base 
Energy demand. 


New nousing demand. 


Total energy report 
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1971 Base 


housing stock whnicn is stratified by type 


of 


nousing, period of construction and neating equipment class. 


Housing Type: 
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Heating Equip 
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1. Single detacned (tnis includes mobile 


nome); 
2. Semi detached and duplex; 
3. Row nouses and single attacned; 
4. Apartments. 
SLTUuccLon: 
1920 or before 
1921-1945. 
1946-1950. 
1951-1960. 
1961-1965. 
1966-1970. 
ines AGL 
ment Type 
Water Oil (WO ) 
Water Gas (WG) 
Water Solid (ws ) 
Hot Air Oil (HO ) 
Hot Air Gas (HG ) 
Hot. AireSolid’ © (HS) 
Electricity (tnis includes botn baseboard 


neaters and furnace) (EE) 
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oe. npace O27 (SO) 
9. Space Gas (SG) 


10. Space Solid (S57) 


Water refers to not water or steam, not air means forced air 
witn ducting and space means point of use equipment sucn as 
oil space neaters or wood stoves. Allowance nas been made 
in heating equipment categories to include seven more 
neating equipment types wnicn reflect tne use of nybrid 


tecnnologies. 


Tnese are: 


8) Saskatcnewan House CoH) 
9) Heat Pump - Oil (PO) 
10) Heat Pump - Gas (PG) 


11) Heat Pump - Electric (PE) 


12) Heat Pump - Solar (PS) 
13) Gas = Solar (GS) 
14) Electric Solar (ES) 


Tne Heat-Pump categories could also reflect conventional 
electric & oil and gas hybrids. Ine only difference “anr tne 


calculations would be in the seasonal neating efficiencies 


used. 
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Ine tnermal characterization of tne base nousing stock was 
obtained from Energy Mines and Resources (EM&R) ENERSAVE 
data. A cross tabulation of tnree nouse component 
(ceiling, wall and basement wall) insulation levels by 
period of construction of tne dwellings gave distributions 


of twenty thermal arcnetypes in tne stock. 


The pnysical characteristics of the nousing stock were 
obtained from Canada Mortgage and Housing (CMHC) 1969 


material input survey. Tnese include area sizes for tne 
following nouse components by tne four types of dwellings 


described earlier: 


1) Wall; 

2) Ceiling; 

3) Basement Wall; 
4) Window; 

5) Doors; 


6) Average Liveable Area. 


Inese parameters are time dependent and so can be cnanged 


to reflect an increase or decrease in average dwelling 


sizes. 
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2.1.4 


Weatner tapes were obtained for 13 locations in Canada from 
tne National Researcn Council and give nourly ambient 
temperatures and solar neat gain factors. Tnese data were 
sampled every four nours and were population weignted to 
rer iect the five regions of Canada average weatner 
conditions. Four hourly data enables tne model to perforin 
dynamic neat load analyses necessary to investigate tne 
impact of hybrid electric or neatpump tecnnologies. Inis 


will be described in more detail later. 


For tne base stock an initial table of seasonal neating 
efficiencies by neating equipment type and fuel type is 
specified as given in tne following table: Tnese 
efficiencies reflect average seasonal neating efficiencies, 
and can be cnanged in future periods to reflect increases 
an af ficiencties. Tne energy output ae5 particularly 
sensitive to cnanges in overall seasonal heating 
efficiencies and so must be considered witnin this 
modelling framework as one of the more important 


determinants of total energy demand. 
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OIL CAS FLE-RES  ELE-HP ELE-MOT SOLID LPG 
WATER-OIL 55 0 0 0 100 0 0 
WATER-GAS 0 60 0 0 100 0 0 
WATER-SOLID 0 0 0 0 100 55 0 
HOTAIR-OIL 55 0 0 0 100 0 0 
HOTAIR-GAS 0 60 0 0 100 0 0 
HOTAIR-SOLID 0 0 0 0 100 60 0 
ELECTRICITY 0 0 100 0 0 0 0 
SPACE-OIL 55 0 0 0 0 0 0 
SPACE-GAS 0 0 0 0 0 Oy "Seu 
SPACE-SOLID 0 0 0 0 0 = 0 
SASK HOUSE 0 0 0 0 100 0 0 
HP-OIL 55 0 100 200 100 0 0 
HP-GAS 0 60 100 200 100 0 0 
HP-ELE 0 0 100 200 100 0 0 
HP -SOLAR 0 0 0 200 100 0 0 
SOLAR-GAS tlhe 60 0 0 100 0 0 
SOLAR-ELE 0 0 100 0 100 0 0 


2.1.6 Output from block 2.1 includes a base nousing stock report 


and a 1971 base nousing energy demand for space and water 


neating. 
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Demolition 


Inputs to block 2.2 include user constructed demolition 
rates, another time dependent variable wnicn creates 
cnanges in tne old nousing stock levels. Tne demolition 
rates are specific to tne type of nouse and period of nouse 


construction. 


Output from block 2.2 includes a cnanged level of base 


nousing stock report. 


Demolition can be regarded as part of tne background 
scenario. However, simulation results can be very 
sensitive to tne demolition rates. In most impact studies 
tne demolition values are not crucial so long as tney do 
not distort tne stock distribution by eitner completely 
ignoring or greatly over stating natural attrition. For 
example, tne assumption tnat no demolition occurred, or 
tnat all demolition rates are set to zero, would seriously 
distort tne model's energy outputs. Ine older stock wnicn 
was not destroyed nas poor insulation levels; in fact, LS 
is so mucn poorer than newer stock tnat tne dwelling neat 
loss turns out to be a strongly non-linear Puncvion of 
dwelling age. Retrofit action occurring on tnis older 
stock would give tne erroneous impression tnat large energy 


savings were being effected tnrough retrofit. 
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2.3.2 Cnanged tnermal representation of the base 


We nave derived a reasonable procedure for tne estimation 


of demolition rates; inputs to tne procecure are: 


1) A constant demolition rate for all stock older tnan 


twenty years; 


2) A. set of weignting factors for demolition of the 


different dwelling types; 


3) A set of weignting factors for tne demolition of 


dwellings of tne different periods of construction. 


Inermal Retrofit 2.3.1 Inis block inputs tne user's estimates 


of nome owner's insulation retrofit propénsities. niet. 23:, 
if a nouse is insulated to R20 in tne ceiling, wnat is tne 
enance tnat the owner will upgrade nis insulation to R28. 
Four “neat loss areas asré considered; ceilings OWalls, 
basement, and air infiltration. Again; Unis iS Par eeine 
dependent variable wnicn traces tne benavior of tne average 
homeowner forward in time as far ahead as 2001. Tne cnanged 
insulation levels are applied to tne old nousing stock and 
tne improved energy needs calculated. 

Tne output from block 2.3 includes tnose described under 


subgectioie 23.2 "and: 249.5% 


nousing stock. 
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The nousing stock broken down by thermal arcnetype and type 
of dwelling togetner witn the percentage disttibution of 
the archetypes for eacn period of construction is given. 
Inis table can be compared witn tnat given at tne? start of 
the simulation to calculate now many dwelling nave been 
upgraded as a result of tne tnermal retrofit parameters 


Specified in 25341; 


An energy report for the base nousing stock giving tne 
enanged energy demand for space neating as a result of tne 
thermal retrofitting allows tne user to calculate tne 


savings due to insulation upgrading. 


Equipment Retrofit 


Ine input variables for tnis block are tne largest single 


user input to tne model.Tney consist of transition 


ee ee ee 


probability arrays, for eacn nousing type, snowing movement 


of nousing stock between tne different types of neating 
equipment. Heating equipment installed in tne nousing 
stock is described in the model by tne categories listed in 
2.1.1. Since tnere are 17 of tnese categories cnanges from 
one equipment type to another can bé) «snown > by**a LPPex 17 
square matrix of proportions. Such an array is provided 
for eacn dwelling type and for each simulation period and 
is given in the following table. Inis time series variable 


consists of sucn a large number of data points, up to 2890 
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tnrougn tne year 2001, tnat projective generator programs 
nave been written to aid tne use 2). 
2.4.2 Ine output from block 2.4 includes a report on tne cnanged 
composition of tne base nousing stock by type of neating 
equipment. From tnese tables tne user can determine tne 
existing stock of dwellings by neating equipment type and 
also keep track of now many dwellings nave converted from 


one fuel source to anotner. 


2.4.3 Ine base energy demand is also output. Tnis would cnange as 
a function of tne different seasonal neating efficiencies 


of tne equipment types. 


rae be New Housing 


Inputs nere include tnose described in subsections 2.5.1 to 


22204 


2.5.1 Projections of net _nousenold formation used in tnis model 
were obtained from Statistics Canada’s population inodel, 
recently disaggregated by province. Tnese data were 
obtained from tne Demographic Division, Statistics Canada. 
Tne net nousenolds used in tne example scenarios correspond 


to tne B series. Tne assumptions associated with the 6B 


series are: 
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a) "low" neadsnips rates wnicn are tne same as tne 
"Hign" rates used in series A until 1991 and lower 
tnereafter such tnat tne 1986 rate of tne PPL ie! aa 
reached in 1991. Tne "High" rate is defined as 
1966-1976 neadsnip rates exponentially extrapolated 
b6—e1 991, and tine 1991-2001 rate is neld constant 


Atrhne 199.1 tater 


b) Ine population series 3 is used (see STC 91-520) 


Saetoe fertility rate of 1.8 for 1976 and 1.6 for 1991 


and tnereafter. 


d) A net international migration rate of 750,000 ‘was 
used together witn tne following series of net 


interprovincial migration rates: 


1976-1981 1981-1986 1986-2001 
40,500 48,000 47,500 


included nere to 


Vacancy rates obtained from CMHC are 


translate nmousenolds into new dwellings actually -su¥lt, 


wnicn will exceed new nousenolds by a small percentage. 


Data on tne penetration of neating equipment types 


eee ae ee ee ee ee ee ee ee ee eee 


installed in nouses built from 1971 to 1979 were obtained 
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from Ontario nydro's electrical inspection records. MTnese 
data were linearly extrapolated to obtain tne post 1980 


equipment breakdown of the new nousing stock. 


In eacn period, specification of the thermal representation 


of houses built in ‘that ‘period must be © made. Inese 
parameters reflect current building codes and performance 
measures wnhicn will become mandatory in future new nouse 


construction. 


2.6 Aggregate Energy 


Tnis block aggregates tne energy used by tne many 
subdivisions of tne hnousing stock and extracts a grand 
votal, “and Subtotals’ “by? fuel land housings -ty pe: Ine 
aggregate energy calculations can be invoked between all 
tne blocks in figure 2.0 to snow cnanges in energy levels 
due to specific retrofits. Tne reports generated also 


subtotal domestic not water energy needs. 


2.7 Tne Looping Pattern 


Tne model moves forward in time by five year increments 


starting with the five year period 1972-1976: Tne data 


input by tne nousing block» is for 1971) and tne first period 
of operation is the 1972-1976 period. Tne retrofitting and 


demolition variables for any time period refer to cnanges 
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2.8 Hybrid 


that are expected to occur during the preceeding five 
years; that is, variables for 1976 refer to the 01972=)976 
interval including 1976. Following this scneme, tne model 
was calibrated witn partial data available during the 
PIV 2a Gs atid 1977-1981 tne leaving tne 1982-1986, 
1987-1991, and subsequent periods for the user. Naturally, 
the calibration period can also be used to make assertions 
about wnat nas happened during tne last ten years. All 
reporting is also done on a five year basis. Tne time loop 
indicated in the block diagram above snows where tne 


calculations are commenced for eacn period. 
Heating Dynamic Load Analyzer 


Since the energy demand calculations for space heating in 
tne Housenold Model are performed on an nourly basis we 
nave recently implemented a dynamic load analyzer into tne 
existing framework of the space neating calculations sucn 
tnat appropriate base load capacity and peak load problems 
associated witn tne possible conversion to nybrid electric 


neating can be impacted on the residential energy demand 


sector. 


Ine principal cause for considering a dynamic load analyzer 
tieueein the transient nature of tne annual neating 


requirements. For example only approximately 4% of tne 


total annual energy requirements occur when the neating 


ce, 


dias. opi hnereng a Speed eh, 
ta 


i 
Levaoreed: auiheee ake ater caylee 


4 lon Got ri 4H AVE FB ind aT ind) 
an : { sf 4-4 i fae 
Laue BA eg ta 40h chen 
uf Sry oy ae eae Jneunsediil 
gate aus kant a il 
os end avb venue tai : 
> By: 
7 ‘et €¢ AG wAob. cate ep pn a 
G ee 
nn A 
i inoid wr ae 


anc: 


4 ) , ii ean smme a & 7a 


; (yvsine® ‘bapaet (orene ws a 
; » ay es Ait iy 
| ee niente 


yn ted: gin dee Abr, We hr Lene qi dnages a 


aa Bit? Le eek oP ame Bia ro MF ‘essnndy pniktek 

H . i iy , = 
ae 4 + ate ‘Piveauee, CAs ascii seater 4 
ere i bi ri reagoy ify ies oP a2 ae rid a4 iw Fo rae "| 


yt ee / at a 
1ASY OTe BO aime ths r ok roi een. 20% ee 


oad Jie AG LEO UP en a ‘pignexe: ih 


¢ ’ J 19 


Lie ret 97 wen we Tem EI ee een 


e = lat. ¢ a ra 7 ie 


ey ian 2) 


demand is higner tnan 60% of tne maximum. In otner words 
most of the annual space neating energy is needed during 
the less cold days. In a purely electrically neated nome 
tne installed neating capacity is designed to meet tne peak 
neating loads (normally in January, tne coldest month) 
wnicn occur only during a snort part of tne neating season. 
In a nybrid neating system tne electrical portion could be 
designed to meet a little over nalf the annual demand yet 
would nave an installed capacity of less tnan a quarter of 
that needed to meet the peak neating load. Tne electric 
portion of tne hybrid system (installed base load 
electrical capacity) would be used during "off-peak" 
periods to avoid ennancing tne existing peak loads and tne 
supplementary oil or gas neating system would meet the neat 


requirements during tnese "peak" periods. 


Tne dynamic load analyzer requires as input regional 
specified January design temperatures to calculate tne peak 
neating requirements. Tnese peaks would vary according to 
tne size and tnermal cnaracter of eacn dwelling type. 
Knowing tne peak neating requirements tne base capacity for 
tne nybrid can be calculated as a proportion of this peak. 
Conversion rates of pre-1971 built nouses to nybrid neating 


would be specitied in tne equipment retrofit input 


paramters. 
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3.0 SIMULATION DESIGN 


3.1 Simulation and Forecasting 


Juda 


$3.1.2 


Time structured analytical devices sucn as tne Housenold 
Model can be used in either simulation or forecasting mode. 
Simulation implies tne specification of a subset of tne 
model's exogenous parameters which reflects tne user's 
perception of a "future wnicn may happen" as a result of 
either government policies or prevailing market forces. 
For example, in tne energy domain tne model user could 
simulate a dramatic snift off-oil for space neating in the 
next decade. Ine user could nypotnesize either a snirt to 
gas, electricity or a combination of botn. in, omder to 
measure tne effect of sucn alternatives a "baserun" or 
"business as usual" run would have to be obtained to 
provide a bencn mark against whicn the alternative 


scenarios could be compared. 


Forecasting, however, implies tne estimate of model 
input-parameters through either econometric tecnniques 
wnicn reflect tne response of consumer's benavior to price 


variations or through projective macninery sich, as a 


demograpnic model. Tne outcome of tne model would 


constitute a ‘forecast’; a "future wicn 18s expected to 


nappen." Forecasting is normally performed for tne snort 


term tuture whereas simulation exercises examine long term 
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structural changes in the economy. Tne Housenold Model is. 
predominantly used in simulation mode Het Co” 1ts det dirled 
input AS tele i and articulation of major policy exogenous 
variables. However, it has and can be used for snort-term 


forecasts of space neat demand. 


Example Simulation Exercises 


In order to demonstrate tne simulation capabilities of the 
Housenold Model tne model runs of section 5 will be used. 
Tnese runs snow tne impact of an off-oil program on tne 


space heating market and overall energy demand. 


First of all-a base run or ‘business as usual’ scenario was 
constructed through the specification of all tne input 
Vareabpies outlined in section “2; "he specification” of tie 
variables were chosen to be reasonable botn in respect of 
current trends and in respect of tne model's internal 
restrictions. Tnat is, we nave not biased it in favour of 
one vision of tne future over another. In fact a middle of 
tne road or average choice of the input values were used. 
Tne construction of tne baserun provides a bencn mark 
against which tne variant ecenario as result or the 


perturbation of some of the baserun'’s inputs can’ be 


compared. 


Tne variants from tne base run scenario illustrated in 
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section 5 were obtained by perturbing the fuel substitution 
parameters sucn tnat tney reflected tnree possible off-oil 
futures. These variants can be compared with the baserun 
for oil and overall space neating energy savings. Each of 
tne variants represents a different specification .of tne 
equipment retrofit proportions sucn tnat large scale 
substitution of gas, electricity and hybrid neating systems 


were effected. 


Market Analysis 


Ine aggregate impact of all tne forces at work witnin tne 
nousing stock can be seen at eacn five year period in their 
effects on stock levels witn specific characteristics. For 
example, tne number of houses in the old stock (pre 1971) 
tnat are still being neated witn oil in tne future period 
and wnose furnaces are, at tnat future time, -.oversized due 
to insulation retrofits can be obtained from tne model's 
stock reports. Tne regional weatner effects on neating 
equipment for both new and old stock can be investigated by 
using tne various regional weatner information available to 
tne model tnrougn its data base. Tnis could, for example, 


establisn tne market for neat pumps in a region specific 


way. 
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4.0 SPECIFICATION OF MODEL RUN 


4.1 Common _baserun and scenario variants input 


Se 


and 


This section outlines the inputs that distinguisn the 
baserun scenario trom its scenario variants. First of all 
tne inputs tnat are common to tne baserun and tne variants 


are listed below: 


1) Seasonal neating efficiencies (EFFY); 

2) Demolition rates (DEMO); 

3) Tnermal retrofit parameters (KRET); 

4) Tnermal archetypes of new housing (NEWA); 
5) Demograpnic variables (DELH); 


6) New nousing breakdown of heating equipment (PHBX). 


Tne four letter acronym attacned to eacn input type is used 
We a suffix identifier on DEC’’PDP 11-40 Files. Tne prefix 
to tnis file identifier would eitner be a standard or 
regionally specific identifier. For example, Ontario 
standard demograpnic input data would be called ONTRDELH. A 
variant from tnis would contain a portion of the prefix 
togetner witn some identifier wnicn tne user understands to 
signify that variant. For example using a series A 
demograpnic data obtained from tne Demograpnic division's 
standard publisned nousenold projection series could be 


called, ONAADELH. TInese conventions are necessary to nelp 
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keep track of a data base of input files for tne nousenold 
model. Ine perturbations and combinations of input files 
to create a multitude of scenarios necessitates the use of 
a file management system wnicn nas not as yet been 


implemented. 


Specification ot Scenario Variants. 


Ine variants to tne base scenario are obtained by altering 
tne baserun equipment retrofit (ERET) parameters to produce 
tne following tnree distinguisnable scenario variants: 

1) Hign gas scenario variant (HGAS) 

2) Hign electricity scenario variant (HEEE) 


3) Hybrid-oil scenario variants (HYBR) 


All tnree variants HGAS, HEEE and HYBR were obtained by 
sltering,..quite. drastically, tne, equipment. retrofit 
percentages of tne baserun equipment retrofit fie BASe) 


in periods 1981-1986 and 1987-1991. 


In snort we attempted to simulate‘ wnat effect an off-oil 
government program would nave in tne next ten years. Tne 


specification of tne ERET parameters for tne 1972-81 period 


are of course nistorical, even tnougn conversion data are 


not readily available. Ine periods 1992-2001 were the same 


in tne HGAS, HEEE and HYBR as tne BASE ERET file since most 


of tne stock of oil dwellings which could be converted to 


wile 


eltner gas, electricity or nybrid-oil neating nave already 


been converted in the period 1981-1991. 


Tne HGAS, HEEE and HYBR scenario variants nave identical 
conversion rates in tne two periods 1981-86 and 1987-1991. 
TIney only differ by tne fuel to wnicn tne oil neated nomes 
are being converted. These rates for tne respective 


periods off-oil to eitner gas, electricity or nybrid-oil 


are: 
1981-86 35% conversion rate 
1987-91 65% conversion rate 


a> Ine Hybrid tilectric Furnace 


4. 


of 


1 


A non-linear effect can be introduced by including tne 
nybrid equipment in tne calculations. Hybrids operate by 
providing all tne energy needed by a nouse up to a certain 
anount by using one fuel by itself; tnen, wnen more energy 
is needed, it is supplied by a second fuel. (neers! ven 
tnus supplies the base load and tne second fuel serves as 4a 
backup wnen tne weatner gets cold enougn to outstrip the 
Gapacity of the base energy Source. Tnere are two flavors 
of tnese hybrids wnicn differ in wnat nappens at the 
enangeover point: 


1. tne base load fuel is not used after tne cnange over and 
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and 


the entire neating load is supplied by the backup fuel; 


2. tne base load fuel continues to supply tne maximum of 


its capibilities and tne backup fuel merely. Pielke sim tne 


gap. 


Tne Housenold Model uses the second option in tne scenarios 
BnSat cgobklbow) rnb part, fives Tne user determines tne 
changeover point by specifying a percentage of tne a priori 
nouse design neating capacity to be supplied by tne base 
fuel. Tne Housenold Model will support tnree types of 
nybrid at once. It also allows tne fuels used to be user 
specified and tne cnangeover points to be specific for type 


of nouse and hybrid type. 
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5.0 SIMULATION RESULTS 


Tne results from tne base run scenario and tne three 
scenario variants are presented Qrapnically.gn gharts, sel) 
EGS. 4 ua; Inese results are described in tne following 
sections 5.1 to 5.4; eacn section refers to 4 particular 


class of graphical output. Associated tabular output is 


aeeGegaven inrtables. 52-01 to 574.4 


See total space Heating Energy and Fuel Mix Penetrations. 


Charts 5.1.1 to 5.1.4 describe the impact of tne baserun 
and tnree variant off-oil scenarios on tne total space 
neating energy requirements and tne resultant fuel mix 
proportions. Tnere are two scales on each cnart. Tne 
solid lines represent fuel mix percentages and are 
interpreted on tne left Y-axis. Ine broken line gives tne 
total space neat energy demand and is to be interpreted on 
tne rignt Y-axis. Table 5.1.1] gives tne total, space neat 
energy and energy by fuel type for tne BASE run and, HGAS, 


HEEE and HYBR variant scenarios. 


We see that tnere is, in chart 5.1.1, a gradual but steady 
reduction in fuel oil usage. Tnis, tne baserun underlies 
all tne off-oil scenarios in cnarts Si see. 0). Om Lae is We 
appear to nave tnerefore, an underlying “off-oil program" 


situation. Inis can be explained by an extant conversion 
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situation of oil to gas and elec trie bty. as well as few 


nouses constructed since 1971 nave oil furnaces installed. 


Due to. a ‘program of ungrading tne thermal integrity of 
older nouses (Canadian Home Insulation Program) and the 
increased tnermal efficiency of new nouses, tne total 
energy demand over tne 25 year time norizon actually 
declines. In tne nign gas, nign electricty and nybrid 
scenario variants, we see, of course, a much more rapid 
decline in fuel oil usage. The high electricity scenario 
gives tne lowest total energy demand curve. Jnis is due to 


tne much nigher end use efficiency of using electricity. 


5.2 Ontario Housing stock by lype of Dwelling and Period sot 


Construction Mix. 


Charts: 6.2.1 gives the projection of fiiegeroaa nousing stock 
for Ontario snown by tne broken line wnicn is read orf the 
rignt Y-axis. Tne total nousing stock increases from 2.7 
million to 4.3 million, an increase of approximately 60%, 
despite a reduction in overall energy usage for space 
neating as seen in charts 5.1.1 to Sch. 440 atlnendectanenen 
market share of tne single detacned dwellings is taken up 
by the increases in the multiple family type nousein, 
(apartments, row nouses, and semi detached and duplexes). 


Table 5.2.1 gives the nousing stock by type of dwelling 
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Chart 5.2.2 shows tne evolution of the old and new nousing 
in a comparison bar chart format. Old nouses refer to 
tnose constructed prior to 1971 and new nouses refer to 
those built after +1971. By tne year 2001 tnere are more 
post 1971 built nouses than pre ch97 i abut ins. Tnis implies 
tnat tne overall thermal efficiency of the nousing stock, 
wnicn is normally attributed to more modern nouses, is 
increasing. Tablet 6.2.2 outputs the pre and post 1971 


housing stock for the 1976-2001 period. 


= Comparative Scenario Fuel Usage 
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gtiwik 


RNaroes Sod te = 55508 snow foreach of the? fuels... oF, 
natural gas, and electricity tne comparative fuel usage in 
natural units for tne baserun and tne tnree scenario 
variants. In ’enare’ 5..3°51° the’ amount ‘of “oll saved* between 
tne baserun and tne scenario variants can be gauged at eacn 
point in time. Tabular output associated with tnese cnarts 


is given in tables 5.3.1. 


Also the relative saving of oil from period to period can 
be measured off tnese cnarts. We see tnat tne baserun 
decline in oil use provides quite substantial savings 
witnout any external interventions. The natural gas and 
electricity cnarts 5.3.2 and 5.3.3 respectively snow tne 
from period to period as well as 


growtn in these fuels 


intra period scenario variant cnanges. 
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Fuel Oil Savings 


Cnart 5.3.4 snows the fuel oil usage for tne Baserun and 
tne Off-oil scenario. Tne difference between tnese curves 
gives the savings in fuel oi] over time as a result of a 
government oft-oil program. Ine area under tne difference 
curve gives tne cumulative fuel oil Savings over tne 


projected time norizon. 


Det Comparative Scenario Housing Stock. 


the tifial set of charte 5.4.1 to 5.4.4 snow far ‘eaem- or the 
neating equipment types: oil, natural gas, electricity, and 
nybrid electric oil the comparative stocks of housing in 
tnousands of nouses for tne baserun and tnree scenario 
variants. TJThnese cnarts are almost identical in form to tne 
previous fuel usages comparative cnarts. Tney differ in 
tne representation of tne nybrid electric oil dwellings. 
Tnese nousing stock charts distinguisn tne nybrid electric 
oil nouses as separate equipment types, snowing in cnart 
5.4.4 tne penetration for tne nybrid scenario of tne nybrid 
electric oil furnace. In chart 5.3.1 (fuel usage chart) 
tne oil used in tne nybrid is of course added into tne fuel 
category as is tne electricity ih chart 523.3. Sinese stock 
enarts are useful for analyzing tne market requirements for 


furnaces of a particular type. For example the 


requirements for gas and electricity furnaces can be 
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Figure 5.1.2 
Ontario Space Heat High Gas Scenario 
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Figure 5.1.3 


Ontario Space Heat High Electricity Scenario 
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Figure 5.1.4 


Ontario Space Heat Hybrid Oil-electricity 


(A) (B) 
% fuel mix 19012BTU/YR 
100—= — 465 
90 — — 460 
80 — — 455 
762 — 450 
(A) 
60— , Gas — 445 
eee °° e qumum © 0 © qumED 60 camm 000 aman cos ame cosas ae 440 
50— 
— 435 
40— 
(A) — 430 
30 — , Electricity 
5 ais (A) Bee cd — 420 


ass oes ees aes oe ° ep ¢ cee © emcee oC emmmes © Gum © cues 0 omc a 


7 

— "a = : 
; — 3 7 
ou dusathueeas oe Re Whaaata . 


- 
OE 


sme ee 


+e teed, + se oree 


‘a * 


ss : 
Ree Caen ge ses 


Table 5.1.1 Ontario Space Heat Energy Demand by Fuel and lotal 


Energy 1974 Btu/yr. for tne BASE run and HGAS, 
HEEE, HYBR scenarios. 
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Figure 5.2.1 
Ontario Housing Stock 
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Table 5.2.1 Ontario Housing Stock by Type of Dwelling 


A776 1541854 285874 142009 725463 2695200 
198] 1681589 311405 ZA7 93 5 903076 3114055 
1986 1750080 350016 315014 1050048 3500161 
Ne pias | LB212 7 5 379431 J194351 1214182 Bg Be Se 
1996 1855732 403420 484104 1290944 4034201 
2001 1872666 468167 553288 LSG1F 59 4256060 
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Figure 5.3.4 
Ontario Fuel Oil Usage 
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Table 5.3.1 Ontario Fuel Usage - Comparative Scenario Natural Units 
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5.4.1 Ontario Housing by Equipment Type Comparative Scenarios 


"000 Houses 


Scenario Gas Pree out ¥ Electric-Oil Hybrid 


253.7 
1 
2 
3 
i 505.7 
1 1910.3 

1996 2 9326.8 
3 hi ee | 
4 192703 494.3 
1 

2001 2 
: 482.2 


APPENDIX A 


Al Common Inermal Resistance 


Tne thermal resistances of eacn component of tne building not 
including tne insulation are as follows: 


Ceiling (not including 


rafter portion):. 
Tnermal Resistance 
(Btu/nr®? F)-1 


Attic surface films Ae ee 
1/2" gypsum wallboard 0.45 
Inside surface film 0.61 

Total Lave 


Exterior Wall (not including tne stud portion) 


Outside surface film 
Face brick siding 
Building paper 

7/16" fibreboard 

Air space 

1/2 gypsum 

Inside surface film 


O17 
0.42 
0.06 
1.04 
Haat oe 
0.45 
0.68 


Toteael: 3.79 


Foundation Wall 


are 


8" concrete pel: 

Internal air films (still) 0.68 

External air films Opry 
TeiGat USSG 

Windows 

Double glazed window bee 

Doors 

Standard external door Dera 

2 x 4" wood stud ie BS 


A2 Miscellaneous 


Percentage of ceiling 4a 
oe Bec 


nd exterior wall wnicn is wood stud/rafter 


Deptn of basement wall below grade = 7 feet. 


Deptn below grade of insulation in basement = 2 feet. 
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Basement wall neat transfer as a function of deptn below grade. 


Tote. 4) Btu/nr sq. fh. “F 
2 ft. FoR 
3 ft. £155 
4 ft. 1x9 
5 ft. .096 
6 ft. .079 
ane .069 


Basement floor neat transfer coefficient 0.023 Btu/nr OF Say 


A value of 1.5 air changes per hour is used for apartment 
buildings instead of tne value specified by tne tnermal 
arcnetypes. 


Height of average room 7.5 ft. 


Specific neat of air 0.075 Btu/cuft. ° 


Fa 
Internal neat gain Single/Semis/Rows 3200 Btu/nr. 
Apartment 2700 Btu/nr. 


Internal Inermostat Setting FOF. 
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